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COMPARISON OF INTRADERMAL TEST AND PATCH TEST USING NICKEL
SULFATE AND FORMALDEHYDE
A QUANTITATIVE APPROACH *
POUL V. MARCUSSEN, M.D.
On the basis of the literature and their own ex-
periments Jadassohn (1) and Blumenthal und
Jaffé (2) considered the delayed intradermal re-
action less sensitive and less specific than the
patch test in the diagnosis of eczematous allergy.
Ever since 1933 this test has, however, been used
as an equivalent to the patch test in experimental
investigations of eczematous allergy. Epstein
(3, 4) was the first to emphasize its diagnostic pos-
sibilities, to determine allergen dilutions and to
compare intradermal tests and patch tests. To
my knowledge, there have not however been any
systematic studies using a defined technic and
antigen to compare the diagnostic value of the
two tests. The present experimental series was
designed according to the classical method: Fixing
a dilution of the allergen by the aid of groups
comprising persons with manifest hypersensitivi-
ties and controls and testing this dilution on a
consecutive series of patients with dermatitis.
MATERIAL AND METHOD
Material: Groups of persons with clinically
definite eczematous allergy, confirmed by two
positive patch tests using formaldehyde 4 per cent
or nickel sulfate 5 per cent. Control groups se-
lected among patients suffering from dermatitis
of different origin. All persons reacting to cobalt
chloride 2 per cent (Merck, cobaltum chloratum
pro anal.) were excluded.
Allergen: Formaldehyde: Analytic quality, used
unchanged since 1935. Nickel sulfate: BDH
"AnalaR" containing less than 0.0005 per cent
cobalt.
Technic: a. Patch test: Cellophane-covered test
with one drop of the dilution absorbed in 0.5
square cm. cotton-cloth.
Dilutions: Formaldehyde: 4, 1, 0.1, and 0.01 per
cent. Nickel sulfate: 5, 1, 0.1, and 0.01 per cent.
The dilution 0.001 per cent was abandoned after
preliminary experiments. The results were read
from the 2nd day.
Ii Intradermal test: 0.1 ml of the dilution 102 to
108 was administered by new glass syringes with
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platinum needles. In reading the results we
assessed the palpable papular reaction as done in
the tuberculin test since 1935 (Bonnevie-With
(5)). The reading was done from the 2nd day and
all test and readings performed by the same tech-
nical staff. Dilution 10_2 was abandoned after pre-
liminary tests. A control test using the solvent as
a blank proved extremely valuable, as it proved
positive in a few cases in the first experimental
series where no regard had been paid to the nickel
content of syringes and needles (Stoddart (6),
Marcussen (7)). The method still differs from the
standardized tuberculin technic in the absence of
control of the tightness of the syringes and of
trace elements in the solvent. The quantitative
findings, however, indicate that these inaccuracies
are of minor importance in the present experi-
ments.
RESULTS
Figure 1 shows the percentage of positive re-
actions to the individual dilutions of formalde-
hyde. This experiment comprized 83 patients with
eczematous formaldehyde allergy, but only 22
controls, because the dilutions 1:100 and 1:1000
often give rise to prolonged reactions with central
necroses. It will be seen that no given dilution of
formaldehyde used for intradermal test can dis-
tinguish allergic from non-allergic persons and
that any dilution giving a positive patch test in
an allergic may also give a positive intraderrnal
test in the control group. With the present technic
formaldehyde is not applicable as a diagnostic
intradermal test, and an intradermal test and
patch test in the same dilution cannot be com-
pared.
Figure 2 presents the percentage of positive re-
actions to nickel sulfate in the individual steps of
dilution. The intradermal test was titered on 133
patients with eczematous nickel allergy and 76
controls. The upper part of the curve representing
the controls was, however, only determined in the
case of 20 persons, as we did not want to inject
nickel sulfate 1:100 into a large number of non-
allergic persons. The positive patch test is seen
to be distributed around dilution 1 to 0.1 per cent,
while the positive intradermal test in the control
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group is around 1:1000 and in allergic subjects
around 1:1,000,000.
An intradermal test cannot be compared with a
patch test in the same dilution because all normal
subjects will give a positive reaction to intra-
TABLE 1
Nickel sulfate test on 1206 consecutive
cases of dermatitis
Test with Nickel Sulfate
Nickel
Allergy,
Clinical
Anamnestic
or
Catamnestic
Number
of
Patients
Patch test,
5%
Intradermal test,
1:10,000
Positive Negative Positive Nega-tive
0 1141 0 1141 0 1141
3* 0 0 3 0 3
59 i 0
0 3t
59
3
0
0
+
+
59
3
1206
* Not reproducible.
t Two positive when re-tested, one not re-
TABLE 2
Test with nickel sulfate in an early case
of nickel dermatitis
tested.
Ie Intradermal Test Epidermal Test
26/10 1:10,000: 23 mm. 5 per cent: nega-
tive
30/10 5 per cent: weak
follicular
2/11 5 per cent: + (+)
8/11 1:10,000: 17 mm.
1:100,000: 15mm.
1:1,000,000: doubt-
I ul
5 per cent: +++
1 per cent: +++
0.1 per cent: nega-
tive
0.01 per cent:
negative
dermal test in the dilution which gives a positive
patch test in allergic persons. With the dilution
1:10,000 it is possible, with an accuracy exceeding
99 per cent, to distinguish between the selected
nickel allergic subjects and controls. The only
instance in which the intradermal reaction was
negative had a very weak patch test, but was
clinically a definite case of garter dermatitis.
Table 1 gives a comparison of intradermal tests
with nickel sulfate 1:10,000 and patch tests with
nickel sulfate 5 per cent in a consecutive series of
1206 patients with dermatitis.
Divergences were found in only 8 cases. In
three cases of a negative intradermal test and a
positive patch test, the latter could not be re-
DILUTION OF FORMALDEHYDE
lntraderrnal test in allergic patients
controls
Patch-test in allergic patients
FIG. 1. Percentage of positive reactions to
intradermal test and patch test with formalde-
hyde in formaldehyde allergy and control group.
lO 4 l03 l02
DILUTION OF NICKEL SULFATE
Intradermal test in allergic patients
—— Patch-test in allergic patients
FIG. 2. Percentage of positive reactions to
intradermal test and patch test with nickel sulfate
in nickel allergy and control group.
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produced, and neither the history nor the clinical
findings suggested nickel dermatitis.
Tn 3 cases the intradermal reaction was posi-
tive, while the patch test was negative. On closer
questioning these patients gave convincing data
regarding previous eruptions caused by metals
with a content of nickel. Two of these three pa-
tients were re-tested 8 months and 2 years re-
spectively after the first test. This time both had,
apart from the positive intradermal test, also a
positive epidermal test. Tn 2 cases listed in the
tables as having positive intradermal as well as
patch test, the epidermal test was not positive
until it was repeated 2 and 3 weeks respectively
after the intradermal test. Both were typical
cases of nickel dermatitis. The results of tests on
one of these eases are presented in table 2.
DISCUSSION
By a defined technic Epstein's (4) findings were
confirmed, nickel sulfate 1:10,000 distinguishing
a selected group of subjects allergic to nickel from
a control series of patients with other types of
dermatitis. The test is sensitive to slight vari-
ations in technic. The intradermal test was in-
applicable for diagnosing formaldehyde allergy.
Epstein's (4) criterion of isolated epidermal al-
lergy (positive epidermal test, negative intra-
dermal test with approximately the same dilution
of allergen) cannot be fulfilled, however, because
the dilution which affords a positive patch test in
nickel-allergic subjects invariably gives a positive
intradermal test in controls. Comparing the patch
test using nickel sulfate 5 per cent with intra-
dermal test using nickel sulfate 1:10,000 in a
consecutive series, we found no definite case of
isolated epidermal hypersensitivity. Out of the 4
cases with a positive patch test, and a negative
intradermal test, one could be explained as a
borderline case, while the other three did not have
reproducible patch tests. Five cases showed
positive intradermal and negative patch tests.
This too confirms Epstein's (4) findings. Accord-
ing to their histories all five were suffering from
definite nickel allergy, and in four, who could be
re-tested, the epidermal test had become positive.
The consecutive series is still too small to
permit us to decide the degree of conformity be-
tween clinical manifestations and/or a history of
nickel allergy and a positive intradermal test.
However, the investigations indicate that the
intradermal test is more specific than the patch
test, as evidenced by the three cases in which the
epicutaneous test was not reproducible on a later
occasion. In a previous series (Marcussen (8)) it
had been demonstrated that approximately 13
per cent of the epicutaneous tests with nickel
sulfate 5 per cent had to be considered false posi-
tive, and in a subsequent, closely observed series
of 167 cases the positive reactions had to be con-
sidered false in 5.6 per cent. These findings are
in agreement with those of the present investiga-
tion.
The sensitivity of the intradermal or the epi-
dermal tests is not known to a major extent, but
in the case of the patch test many workers have
shown that minor effects on the sebaceous coat of
the skin (Kvorning and Borup Svendsen (9),
Samitz and Pomerantz (10)) or on the superficial
horny layer (Spier und Sixt (11)), and even alter-
ations in pressure (FernstrOm (12, 13), Anderson,
Shatin and Canizares (14)) may intensify the re-
action or elicit it in higher dilutions. It is not
likely therefore, that the simple, covered patch
test will be positive in every clinically verified
case of eczematous allergy. This has been diffi-
cult to prove, because there has been no other
test for comparison. In the present series 5
clinically verified cases of nickel allergy were de-
tected by the intradermal test, which thus im-
proved the diagnostic result by a total of 8 out of
59 cases, or about 14 per cent. Differences in the
sensitivity and specificity of the intradermal and
epidermal tests are sufficient to explain the diver-
gences between the results of these tests, and the
quantitative experiments showed the narrow,
technic-conditioned limits of the specificity of the
intradermal test. Accordingly, it is not necessary
to assume an isolated epidermal allergy. However
a larger series is necessary to determine whether
it does occur.
SUMMAEY
1. The intradermal test and the patch test
using nickel sulfate and formaldehyde were com-
pared in experiments performed by a defined
technic on defined patient and control groups as
well as on a consecutive clinical series.
2. The intradermal test with formaldehyde is
inapplicable. The intradermal test with nickel
sulfate 1:10,000 appears to be more sensitive and
more specific than a patch test using 5 per cent
nickel sulfate. It improved the diagnostic result in
nickel allergy by approximately 14 per cent.
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3. Epidermal and intradermal tests with the
same dilution of nickel sulfate are not com-
parable.
4. Intradermal test with nickel sulfate 1:10,000
and patch test with nickel sulfate 5 per cent
showed a closer conformity than expected.
5. No definite case of isolated epidermal nickel
allergy was detected in a consecutive series of
1206 patients with dermatitis.
6. Isolated intradermal reaction was demon-
strated in 5 cases, but upon re-testing 4 of them
showed a positive patch test.
7. The different results of the patch test and of
the intradermal test may be explained in the
present series by quantitative factors.
REFERENCES
1. JAnA550HN, J.: V1110 Congres international
de Dermatologie et de Syphiligraphie,
p. 90. Copenhagen, Engelsen & SchrØder,
1030.
2. BLUMENTHAL, F. AND JAFF K.: Ekzem und
Idiosynkrasie. Berlin, S. Karger, 1933.
3. EPSTEIN, S.: The antigen-antibody reaction in
contact dermatitis. Ann. Allergy, 10: 633,
1952.
4. EPSTEIN, S.: Contact dermatitis due to nickel
and chromate. Observations on dermal de-
layed (tuberculin-type) sensitivity. Arch.
Derm. (Chicago), 73: 236, 1956.
5. BONNEvIE, P. AND WITH, T. K.: Quantitative
Untersuchungen zur Tuberkulinreaktion.
Arch. für Derm., 175: 181, 1937.
6. STODDART, J. C.: Nickel sensitivity as a cause
of infusion reactions. Lancet, 2: 741, 1960.
7. M&actissmc, P. V.: Nickel sensitivity. Lancet,
1: 670, 1961.
8. MAltcusssx, P. V.: Specificity of patch test
with 5 per cent nickel sulphate. Acta Der-
matovener. (Stockholm), 39: 187, 1959.
9. KVOENING, S. A. AND SvENDSEN, I. B.: Syn-
thetic detergents as provocative agent in
patch test. J. Invest. Derm., 26: 421, 1956.
10. SAMITZ, M. H. AND POMERANTz, H.: Studies of
effects on skin of nickel and chromium
salts. A.M.A. Arch. Indust. Health, 18: 473,
1958.
11. SPIRE, H. W. AND SIXT, I.: Ijntersuchungen
uber die Abhängigkeit des Ausfalles der
Eczem-Läppchenproben von der Horn-
schicht. Hautarzt, 6: 152, 1955.
12. FERN5TH6M, A. I. B.: A new patch test tech-
nique. Acta Dermatovener., 34: 203, 1954.13. FEENSTaoM, A. I. B.: Patch test studies.
Acta Dermatovener., 35: 420, 1955.
14. ANDERSON, W. A., SHATIN, H. AND CANIZAaES,
0.: Influence of varying physical factors on
patch test responses. J. Invest. Derm., 30:
77, 1958.
